The ability of metastatic cells to survive antiapoptotic signals may contribute to the organospecific-spread patterns of clinical metastasis and dormancy. MDA-MB-435 breast cancer cells (435/Bcl-x L ), which overexpress the Bcl-x L gene, were labeled with the luciferase gene and injected orthotopically into homozygous athymic Balb/c (nude) mice to study the metastatic behavior of the breast cancer cells. The overexpression of Bcl-x L in tumors increased the overall metastatic burden in mice (bones, liver, kidneys, brain, lungs, and lymph nodes) in comparison with control tumors (435/Neo.luc) during the same time interval (ANOVA, p ϭ 0.005). The principal differences after 110 days were found in bones, which had 1.5 ϫ 10 5 Ϯ 1.2 ϫ 10 5 tumor cell equivalents (p ϭ 0.03), and lymph nodes, which had 7.0 ϫ 10 6 Ϯ 6.0 ϫ 10 6 tumor cell equivalents (p ϭ 0.08). The analyses of light production by tissues at different times showed that cells from 435/Neo.luc and 435/Bcl-x L .luc tumors were detectable in several organs by the second day after intramammary fat pad implantation. Although initially arriving at the target organs in similar numbers, 435/Bcl-x L cells developed more metastases than 435/Neo cells, indicating that the Bcl-x L gene might have a role in breast cancer dormancy, promoting survival of cells in metastatic foci. Thus, we suggest that overexpression of Bcl-x L could counteract the proapoptotic signals in the microenvironment and favor the successful development of metastasis in specific organs. (Lab Invest 2001, 81:725-734).
O
verexpression of the antiapoptotic proteins Bcl-2 and Bcl-x L , associated with the loss of apoptosis in human breast-cancer tumors, may shift the balance between proapoptotic and antiapoptotic tendencies toward extending the lifespan of cells, thus having decisive consequences for tumor progression (Olopade et al, 1997; Rochaix et al, 1999; Sierra et al, 1998; Vakkala et al, 1999) .
The expanding family of Bcl-2 genes includes death agonists and antagonists that share homology in as many as four amino acid regions, denoted as Bcl-2 homologies BH1, BH2, BH3, and BH4 (Minn et al, 1998) . Proteins that inhibit apoptosis such as Bcl-2 or Bcl-x L , exert their function by preventing the release of cytochrome c from the mitochondria to the cytosol, blocking both membrane hyperpolarization and mitochondrial swelling in response to several sets of stimuli (Kroemer et al, 1998; Vander Heiden et al, 1997) . Overexpression of Bcl-2 or Bcl-x L can confer resistance to most apoptotic stimuli, suggesting that these genes function at a central convergence point for many apoptotic pathways (Chao and Korsmeyer, 1998; Kroemer, 1997; Newton and Strasser, 1998) . Moreover, Bcl-x L interacts with Apaf-1 protein to inhibit the caspase activation that triggers apoptosis (Hu et al, 1998) . Bcl-2 seems to exert its antiapoptotic activity partially through inhibiting the translocation of the proapoptotic protein Bax, and through the modification of cytosolic translocation factors (Nomura et al, 1999) . However, gain of Bcl-2 function is dominant over loss of Bax function in regulating mammary epithelial cell survival in vivo (Schorr et al, 1999) .
Molecular factors that influence tumor cell viability in situ, in the circulation, or in specific organs could influence metastasis (Shtivelman, 1997; Takaoka et al, 1997) . Thus, the ability of a tumor cell to resist apoptotic signals may create favorable conditions for metastases development and, not surprisingly, highly metastatic cells tend to exhibit a greater survival ability and resistance to apoptosis than poorly metastatic ones (Glinsky and Glinsky, 1996) . Indeed, Bcl-2 overexpression has been associated with an enhancement of metastatic potential in human breast cancer cell lines inoculated in homozygous athymic Balb/c (nude) mice, because an increase in the survival of tumor cells ultimately promotes metastasis (Del Bufalo et al, 1997) . Moreover, the inability of tumor cells to undergo apoptosis does not correlate with their tumorigenicity in nude mice, but it does correlate with their ability to survive in the lungs and form experimental metastases after intravenous injection (Nikiforov et al, 1997) . Resistance to apoptosis could be an organo-selective determinant of metastatic behavior, because cells derived from a breast carcinoma brain metastasis are more resistant to apoptosis than lung metastatic cells from the same tumor, when exposed to growth factors from astrocytes (Sierra et al, 1997) .
Recently, we analyzed several independent MDA-MB-435 breast cancer cell line clones that overexpress the Bcl-x L gene and found that Bcl-x L overexpression induces resistance to cytokine triggered apoptosis, increases cell survival in the circulation, and enhances anchorage-independent growth, rescuing metastatic cells from anoikis (Fernández et al, 2000) . The contribution of antiapoptotic genes to metastases could result from the suppression of programmed cell death and extension of cell survival in aggressive environments. However, the specific role of antiapoptotic proteins in the dissemination from primary tumors to metastatic foci remains elusive, and it is uncertain at what stage cells may be rescued from apoptosis.
Although micrometastatic tumor cell aggregates can be identified by conventional histopathologic methods, individually disseminated carcinoma cells have generally resisted definitive cytologic identification. A luciferase-based method, devised for the direct measurement of metastatic dissemination kinetics in animal models, provides a rapid and highly sensitive assay for the detection of tumor cells lodged in target organs (De Wet et al, 1987; Rubio et al, 1998) . We used this method to evaluate metastatic cells in different organs during 110 days after intramammary fat pad (IMFP) implantation.
The aim of this work was to elucidate how inhibition of apoptosis, caused by overexpression of the Bcl-x L protein in breast cancer cells, could influence tumor dissemination and successful metastases development in specific organs. MDA-MB-435 breast cancer cells that overexpressed the Bcl-x L gene were labeled with the luciferase gene (a tumor cell marker) and injected into the IMFP in nude Balb/c mice to study the metastatic behavior of the cancer cells.
Results

Light Production by 435/Neo.luc and 435/Bcl-x L .luc Cells
The 435/Bcl-x L cells overexpressed Bcl-x L protein, as shown by Western blot comparative analyses of tumor cell lysates (Fig. 1A) . Bcl-x L expression was 2.8-fold higher in 435/Bcl-x L cells than in the control clone 435/Neo.
Figure 1.
A, Western blot analysis of Bcl-x L expression in 435/Neo.luc and 435/Bcl-x L .luc transfectants. Fifty micrograms of total protein from 435/Neo.luc and 435/Bcl-x L .luc cells were fractionated by SDS-PAGE and transferred to a nitrocellulose membrane. The Bcl-x L protein was detected as described, using a polyclonal antibody to Bcl-x L and a peroxidase conjugated second antibody. Actin in the sample was used as an internal control detected with a monoclonal antibody to actin to monitor protein loads. The measured Bcl-x L expression level was 2.8-times higher in 435/Bcl-x L .luc than in 435/Neo.luc cells. B, Standard plots of light produced by 435 cells expressing the luciferase gene. Lysates derived from the indicated number of 435/Neo.luc or 435/Bcl-x L .luc cells were mixed with a constant volume (20 l) of either lysis buffer or clear lysate homogenate derived from the indicated tissues and directly measured for light production. Light emission is given in relative light units (RLU), proportional to photon numbers. Light production (symbols) and corresponding regression plots for each tissue homogenate and RLB are shown. Slopes of regression functions measure the amount of light produced by a single cell in 1 minute.
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Luciferase-labeled tumor cells were generated by permanent transfection of 435/Neo and 435/Bcl-x L cells with the plasmid pCEP4 containing the Photinus pyralis luciferase gene under transcriptional control of the cytomegalovirus promoter. The specific MDA-MB-435 clones chosen for luciferase tagging have metastatic behavior representative of control and Bcl-x L -overexpressing cells (Fernández et al, 2000) . Clones 435/Neo.luc and 435/Bcl-x L .luc were selected for their high and similar light-producing capacity. In reporter lysis buffer, standard plots of light production versus number of cells were linear over a tested range of 0 to 5000 cells. The slopes of the regression plots, which are a measure of the amount of light produced during 1 minute by a single cell, corresponded to 0.023 and 0.021 relative light units (RLU)/cell for the 435/Neo.luc and 435/ Bcl-x L .luc cells, respectively.
The amount of light produced by known numbers of 435/Neo.luc and 435/Bcl-x L .luc cells spiked into tissue homogenates was measured to determine the effect of tissue-specific components in light detection sensitivity. The slopes of the resulting standard curves measure the amount of light/cell per minute that can be detected effectively under the experimental conditions. These slopes were used to calculate the number of turner cell equivalents (TCEs) in the different target organs (Fig. 1B) .
TCE Detection Sensitivity. TCE detection sensitivity for each organ was established as the number of TCEs necessary to generate an amount of RLU equivalent to twice the standard deviation of the background signal, measured using tissue homogenates lacking luminescent cells (Table 1) . Sensitivity extremes for TCE detection varied from 1 to 8 TCEs per measurement, for muscle and liver, respectively. Taking the average mass of each organ into consideration, the minimum number of TCEs per organ that could be detected corresponded to 20 and 1053 TCEs, for lymph nodes and liver, respectively. Only values above the range of two standard deviations of the background noise are represented in the data.
Stability of Luciferase in Transfected Cells. Tumor cell explants from primary tumors, 45 days after inoculation, grew well in tissue culture in the presence of hygromycin and neomycin, producing 0.030 and 0.029 RLU/cell for 435/Neo.luc and 435/Bcl-x L .luc, respectively, equivalent to those produced by the originally inoculated cells.
Bcl-x L Increases Metastatic Activity of Breast Tumor Cells
The overexpression of Bcl-x L increased the metastatic potential of MDA-MB-435 breast cancer cells when implanted IMFP (Fig. 2) . Results from two-way ANOVA statistical analyses showed that the total number of TCEs detected in mice bearing the 435/Bcl-x L .luc tumors was higher than that found in mice with the 435/Neo.luc tumors, regarding all organs analyzed (lungs, bones, liver, kidneys, brain, and lymph nodes). Results were based on data from days 45 and 110 after IMFP implantation (p ϭ 0.005), with the removal of the primary tumor at day 45. Within the same group of mice, there was also a significant difference in metastatic burden (p ϭ 0.022) between the two intervals, 45 and 110 days.
Visible macroscopic metastases in the lungs and lymph nodes developed in mice with 435/Bcl-x L .luc tumors before the end of the experiment at day 110. In contrast, the 435/Neo.luc tumor-bearing mice had no detectable macroscopic metastases by the same time. These results were corroborated by histopatho- logic analyses of consecutive paraffin-embedded tissue sections (data not shown). Table 2 describes the distribution of TCEs detected in several organs. The most affected organs after 45 days for 435/Bcl-x L .luc mice were the lungs (4.5 ϫ 10 3 Ϯ 2.4 ϫ 10 3 TCEs), lymph nodes (2.6 ϫ 10 2 Ϯ 1 ϫ 10 2 TCEs), and bones (1.1 ϫ 10 4 Ϯ 9.5 ϫ 10 3 TCEs). At the end of the experiment (110 days), lymph nodes were the most important metastatic target, containing 7.0 ϫ 10 6 Ϯ 6.0 ϫ 10 6 TCEs, followed by lungs with 3.5 ϫ 10 6 Ϯ 3.4 ϫ 10 6 TCEs, bones at 1.5 ϫ 10 5 Ϯ 1.2 ϫ 10 5 TCEs, and brain contained 1 ϫ 10 3 Ϯ 0.9 ϫ 10 3 TCEs. For the 435/Neo.luc tumors, lungs were the only organs significantly affected at days 45 and 110, with a total of 4.4 ϫ 10 2 Ϯ 1.7 ϫ 10 2 TCEs and 1.8 ϫ 10 5 Ϯ 1.4 ϫ 10 5 TCEs, respectively. At day 110, the other organs had less than 100 TCEs.
Cell Dissemination and Metastatic Growth in Different Organs
By the end of the experiment there were significant differences in the metastatic burden to bones (p ϭ 0.03) and lymph nodes (p ϭ 0.08) between Bcl-x L and control tumors. However, for lungs, also a typical target organ for breast carcinomas, the metastatic burdens from both Bcl-x L and control tumors were similar (p ϭ 0.8).
The analyses of TCEs at different time intervals showed that cells from 435/Neo.luc and 435/Bclx L .luc tumors were detectable in several organs (such as lungs, bones, lymph nodes, and some viscera) 2 days after IMFP implantation (Fig. 3) . The number of TCEs increased in lungs after 30 days, and progressed until day 110 in both groups of mice. In the 435/Bclx L .luc mice, TCEs also increased in bones and in lymph nodes. In viscera (liver, kidneys, brain, and ovaries), the total number of TCEs was similar for the two groups of mice studied, remained low throughout the experiment, and no discrete tumors were found at any time.
Tumorigenicity of 435/Neo.luc and 435/Bcl-x L .luc Cells
The tumor incidence was 100% in the two groups of mice. Tumors appeared 2 weeks after cells were injected IMFP, and were excised after 45 and 100 days.
Tumor volume was calculated using the formula:
, where L and W are the major and minor diameters in millimeters, respectively. Tumorigenic differences were observed between 435/ Neo.luc and 435/Bcl-x L .luc cells (Fig. 4) We also measured the number of 435/Neo.luc and 435/Bcl-x L .luc cells in the tumors by assessing light production. The ratio of light producing TCEs/mg of tumor remained similar for both types of tumors throughout the experiment (Table 3) .
Relation between Primary Tumor Size and Metastatic Activity
To evaluate the influence of the primary tumor in metastatic activity, we compared the ratio of TCEs in target organ to TCEs in tumor (metastases ratio) from days 2 through 100, for both Bcl-x L .luc and control tumors (Fig. 5) .
At the second day after IMFP, the metastatic ratio was similar for both the Bcl-x L .luc and control mice. From day 15 on, this ratio was higher for the Bcl-x L .luc than for the control mice, although both groups of mice showed a steady and time-related increase in the metastasis ratio.
We also analyzed the influence of continuous primary tumor growth in metastatic activity. For this purpose, we compared metastasis development between the group of mice that had their primary tumors remove at day 45 with a second group of mice, in which tumors were allowed to remain until day 100 (Fig. 6 ). There was a significant positive effect of tumor presence on metastases growth past day 45 only for viscera (in mice with both types of tumor) and bones (in the 435/Neo.luc mice). However, for the rest of organs and for mice with both types of tumor, removal of the primary tumors at day 45 favored metastatic development.
Discussion
In human breast carcinomas, the overexpression of the antiapoptotic Bcl-x L protein increases metastatic potential. Recently, we reported that breast cancer cells overexpressing Bcl-x L acquire resistance against cytokines and override apoptosis, have enhanced anchorage-independent growth caused by a modified interaction with the extracellular matrix, and have increased cell survival in the circulation (Fernández et al, 2000) . The present results show that metastatic tumor cells arrive at many organs soon after the start of the experiment. However, metastasis growth was differentially af- 
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fected by the physiologic environment of target organs and by the capacity of Bcl-x L -overexpressing cells to overcome death signals.
Time-lapse videomicroscopic observation of melanoma cells injected into the circulation documented the failure of a solitary cells to initiate growth in metastatic sites and the need for a permissive environment to sustain growth (Luzzi et al, 1998) .
Cells from 435/Bcl-x L .luc tumors seeded early in peripheral lymph nodes, bones, brain, and lungs, but macroscopic metastases appeared only in lymph nodes and lungs, also typical sites for human breast cancer metastases (Fernández et al, 2000; Pantel et al, 1999) . Both control and Bcl-x L tumors showed no statistically significant difference in their capacity for lung metastasis, typical of breast carcinomas. However, there was a clear and statistically significant difference in their capacity to metastasize to bones and lymph nodes.
Thus, we suggest that Bcl-x L overexpression in breast carcinomas could counteract proapoptotic signals and favor development of metastases, helping to explain the clinically observed metastasis organospecificity. However, the role of Bcl-x L in determining tumor cell dissemination kinetics from primary tumors to metastatic foci remains elusive, because we did not find organ-related differences in their number distribution on arrival. "Tumor dormancy" describes a prolonged quiescent state, during which metastasis progression is not clinically detected (Yefenof et al, 1993) .
Metastasis is a biologic process that is a part of breast cancer progression. Metastatic cells may be present after surgery but remain dormant for several reasons. They may be unable to induce angiogenesis or to change the balance between other growthinducing or growth-inhibiting factors in the tumor microenvironment, which may also determine the length of the period between dissemination and the appearance of clinically manifest metastases (Hart, 1999; Karrison et al, 1999) . Holmgren et al (1995) suggest that dormancy could be the consequence of opposing tumor cell proliferative tendencies by antiangiogenic factors that indirectly promote apoptosis, as demonstrated in Lewis lung carcinoma. In a murine B-cell leukemia system, dormancy was described as the result of an active antiproliferative mechanism operating via anti-idiotype reactivity (Riethmüller et al, 1999) . 435/ Neo.luc and 435/Bcl-x L .luc cells arrived at target organs in similar numbers. However, in some organs, 435/Neo cells failed to develop metastases whereas 435/Bcl-x L metastases did develop, indicating that Bcl-x L might displace the balance between death and proliferation tendencies toward growth, overcoming dormancy.
We propose that overexpression of the antiapoptotic protein Bcl-x L promotes escape from dormancy in breast cancer cells by displacing the death/proliferation equilibrium in the direction of Table 2 Our results show that tumor cells disseminated early after IMFP implantation and did not require extensive tumor growth to enter the vascular and lymphatic systems, significantly decreasing the time available to perform in vivo diagnostic analyses of metastatic potential. These results suggest that, in clinical situations, systemic disease may be prevalent earlier than usually suspected for these tumors. Furthermore, systemic disease may not manifest until the interaction of the tumor cells with the microenvironment favors proliferation. Mice in which the primary tumors were removed after 45 days did not show a lower metastatic success compared with mice bearing tumors throughout the 100 days of the experiment, indicating that the observed metastasis grew from early arriving tumor cells. Moreover, the continuous presence of the primary tumor generally resulted in a lower metastatic burden. This fact suggests the existence of antiproliferative factors (possibly antiangiogenic) that control metastatic development secreted by the primary tumors (Holmgren et al, 1995; O'Reilly et al, 1994) .
Orthotopic implantation is becoming widely accepted as an accurate tumor model. There is evidence from various tumor tissues that orthotopic implantation can significantly increase the metastatic capacity of some xenografts growing in nude mice (Burger, 2000; Clarke and Dickson, 1997) . Thus, it is desirable to develop models that parallel metastatic spread in a disease specific fashion even more stringently; possibly using immunocompetent animals.
The molecular mechanisms that enable individual cells to escape from the tumor, ie, to migrate and survive, remain essentially unknown. However, they likely represent independent activities that, having otherwise deleterious effects in normal cells, may coincide in tumor cells to promote metastasis (McCawley and Matrisian, 2000; Wells, 2000) . We suggest that overexpressed Bcl-x L is one such activity that, by providing a mechanism for tumor cell survival in new and nonpermissive environments, contributes to the organospecific pattern of clinical metastatic spread.
Our results emphasize the need for further study of the early stages of metastatic dissemination during the 
natural history of human breast cancer to optimize prognosis and treatment. Moreover, antiapoptotic genes seem to be attractive targets for gene-directed therapy and understanding the role of antiapoptotic genes in metastasis dormancy may offer insight for the design of new therapeutic strategies.
Material and Methods
Human Breast Carcinoma Cell Cultures and Transfections
MDA-MB-435 cell cultures were maintained in a 1:1 (v/v) mixture of DMEM and Ham's F12 medium (DMEM/F12) supplemented with 10% fetal bovine Dependence of metastatic burden, in each set of organs, versus tumor presence. The histograms show the total number of metastatic TCEs in each organ set, from mice with (white bars) or without (black bars) primary tumors at day 100, for 435/Neo.luc and 435/Bcl-x L .luc tumors. The organ sets were lungs, lymph nodes (cervical, axillar, brachial, and inguinal), bones (ribs, vertebral column, and femur), and viscera (liver, kidneys, and ovaries). Standard deviation bars and p significance values are indicated in the figure (Mann-Whitney test). (Fernández et al, 2000) . 435/Neo and 435/Bcl-x L clones had the characteristic metastatic behavior of previously described control and Bcl-x L overexpressing clones, respectively (Fernández et al, 2000) . Both clones were transfected with the luciferase gene (Rubio and Blanco, 1996) using the pCEP4 expression vector (Invitrogen, San Diego, California) containing the firefly (Photinus pyralis) luciferase and hygromycin-resistance gene-coding regions and cloned, as described (Rubio et al, 2000) .
Detection of Bcl-x L Expression by Western-Blot Analysis
Cells from exponential cultures were lysed in 200 l of buffer (50 mM Tris, 150 mM NaCl, 0.1% SDS, 1% NP-40, 0.5% sodium deoxycholate). Lysate volumes for each cell line containing 50 g of protein, as determined by BCA protein assay (Pierce, Rockford, Illinois), were analyzed by SDS-PAGE, and the fractionated proteins transferred to nitrocellulose membranes (Hybond ECL; Amersham Corporation, Arlington Heights, Illinois). Nonspecific protein-binding sites in the membranes were blocked by a 5% solution of nonfat dry milk in PBS. For antigen detection, the membranes were incubated with a polyclonal rabbit antibody specific for human Bcl-x proteins at a 1:1000 dilution (Santa Cruz Biotechnology, Santa Cruz, California). A peroxidase-conjugated secondary antibody (Amersham) was used to detect specific reactivity. The ECL chemiluminescence reaction (Amersham) was used to visualize immunoreactive bands on Hyperfilm MP (Amersham). Molecular weights (MW) were established using prestained MW calibration markers (BioRad Laboratories S.A., Madrid, Spain). Equal loading of protein samples was monitored using actin as an internal standard detected with a monoclonal antibody to human actin (Sigma, St. Louis, Missouri). X-ray films were scanned and analyzed using Molecular Analyst Software (Bio Rad, Richmond, California).
Luciferase Assay
Luciferase activity in extracts of cells or tissues was measured by chemiluminescence using the standard luciferase assay kit (Promega Corporation, Madison, Wisconsin). Production of light was measured using a Turner Desings luminometer, model TD 20/20, after addition of 100 l of luciferase assay reagent (Promega Corporation) to a 20 l aliquot of cell lysate or tissue homogenate (Rubio et al, 2000) . Light detector measurements were expressed in RLU.
Light Detection Standard Curves. Standard curves to evaluate light detection linearity and sensitivity in tissue extracts were generated by measuring light production in a mixture consisting of lysate from a predetermined number of MDA-MB-435.luc cells, ranging from 0 to 5000 cells, in reporter lysis buffer (RLB) and 20 l of clear tissue homogenate, prepared as described below, from mice not exposed to luminescent cells. Another standard control reference curve was generated with RLB substituted for the tissue homogenate.
Counting of Tumor Cell Equivalents and Detection Sensitivity. To calculate the number of 435.luc TCEs present in mice tissues, the corresponding background signal was subtracted from the RLU produced by a 20 l aliquot of tissue homogenate, and the resulting number was divided by the slope of the corresponding tissue homogenate "light-detection standard curve." Tissue homogenates in which the luciferase activity of a 20-l aliquot exceeded the detector range capacity were adjusted to the counter range by dilution with RLB. Assay sensitivity was defined as the number of TCEs required to generate a quantity of light equivalent to two standard deviations of the background signal. Only TCE values above the assay sensitivity limit were included in the data.
Cell and Tissue Homogenates. Cell lysates were prepared by performing one freeze-thaw cycle in RLB (Promega Corporation). Whole organ and tissue extracts were prepared by mechanical homogenization of tissues in RLB at a 1:1 ratio (w/v), using an UltraTurrax T-25 tissue homogenizer (Janke and Kunkel, Staufen, Germany) and centrifugation at 25,000 ϫ g for 45 minutes at 4°C to remove insoluble particles. For lymph nodes, tissue was homogenized in the presence of 10% bovine serum albumin to protect against proteases.
Generation of Primary Tumors and Metastases in Nude Balb/c Mice. Six-to-seven-week-old athymic nude Balb/c female mice were used to grow tumors IMFP (Zhang et al, 1991) . Mice were purchased from IFFA-CREDO (L'Arbresle, France) and maintained in a specific pathogen-free environment throughout the experiment. A suspension of 1 ϫ 10 6 cells in 0.05 ml of serum-free medium was injected IMFP. Randomly chosen animals were killed by ether anesthesia and examined for metastases by measuring light production, starting at day 2 after IMFP implantation until day 110. Tumors were removed at day 45 in all animals, except for one group, in which tumors were not removed until day 100. Necropsies were performed and primary tumors and organs harvested and weighed. Metastatic involvement was independently monitored by analysis of haematoxylin and eosinstained paraffin sections.
Analysis of Tumor Data
Statistical analysis of data was performed using Statistical Package of the Social Sciences (SPSS) for Rubio et al Windows. The estimated number of cells from light measurements were logarithm transformed (log) to reduce dispersion. Two-way ANOVA was used to compare means according to the group of mice (mice with 435/Neo.luc tumors and mice with 435/Bcl-x L .luc tumors) and point in time of evaluation (45 or 110 days). The nonparametric Mann-Whitney U test was also used for two-group comparisons. Two-tiled p-values smaller than 0.05 were regarded as statistically significant. Microsoft Excel was used for the graphic representation of data.
